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Impact of chemical pollution on expression of stress protein genes in the bass Epinephelus guaga collected
from several locations including Suez Oil Production Port (Floating port), Atakah Fishing Port, Adabiya
Port and Tawﬁk Port in Suez Governorate, Egypt, was investigated. In the current study, levels of
polycyclic aromatic hydrocarbons (PAHs) in water and ﬁsh samples collected from Suez Gulf were
assessed. In addition, gills and liver tissues of caught bass ﬁsh were used to address the interaction
between pollution status and the expression of stress-related genes (Hsp70a, Hsp70b, Hsp47, MT and
CYP1A). Our analysis demonstrated that levels of PAHs in Floating and Tawﬁk ports were higher than
those found in the Atakah Fishing Port and the Adabiya Port. In addition, MDA and PC contents were
signiﬁcantly higher in gills and liver tissues collected from Floating and Tawﬁk ports than those collected
from Adabiya and Atakah ports. In correlation to the above results, all ﬁsh collected from the Floating and
Tawﬁk ports presented a signiﬁcant increase in Hsp-, MT- and CYP1A—mRNAs. On the other hand, ﬁsh
samples collected from the Atakah Fishing and Adabiya ports showed no induction of the stress-related
genes transcription in such tissues. In conclusion, the current research demonstrates that remarkable
increase in PAH contaminants levels in Floating and Tawﬁk ports are correlated with the levels stress
protein-related genes transcription in E. guaga gills and liver tissues.
& 2013 Elsevier Inc. Open access under CC BY-NC-ND license.1. Introduction
Fish, in their aquatic habitats are continuously threatened
through exposure to chemical contaminants. In Egypt, the coastal
water of Red Sea including the Suez Gulf and the Aqaba Gulf, may
be contaminated by domestic and/or industrial sewage/wastes.
Thus, the risk of the presence of several stress related compounds
in these contaminated areas which affect the aquatic organisms is
to be expected.
The United States Environmental Protection Agency (USEPA)
lists 16 PAHs as priority environmental pollutants. PAHs are
derived from both natural (e.g., forest ﬁres, natural petroleum
seeps) and anthropogenic sources (e.g., combustion of fossil fuels,
use of oil for cooking and heating, coal burning) (Villeneuve et al.,
2002). PAHs are exceeding toxic to aquatic organism at concentra-
tion of about 0.2—10 mg/L, deleterious sublethal responses are
sometimes observed in aquatic organisms at concentration in theAbdel-Gawad).
-ND license.range of 1—100 mg/kg (Neff 1985). The results of many investiga-
tion support the conclusion that a major mode of PAHs toxicity,
particularly in the case of compounds with a lower molecular
weight, is realized through interference with cellular membrane
function and membrane associated enzyme systems.
Several studies reported the presence of oxidative stress in ﬁsh
exposed to PAHs. For example, rainbow trout (Oncorhynchus
mykiss) larvae exposed to the alkylated-PAH, retene, had reduced
glutathione (GSH): glutathione disulﬁde ratios and whole-body
vitamin E concentrations (Bauder et al., 2005). In the same context,
the killiﬁsh (Fundulus heteroclitus) residing in the Southern
Branch of the Elizabeth River, a PAH-contaminated Superfund site
in Virginia, exhibited elevated total GSH and mitochondrial lipid
peroxidation (Bacanskas et al., 2004). Laboratory-raised progeny
from parents taken from this contaminated site were better
equipped than those derived from a pristine site in withstanding
oxidative stress, with increased survival times upon exposure to
tert-butylhydroperoxide (tBOOH) (Meyer et al., 2003). It appears
that the antioxidant defenses have been altered due to long term
PAH exposure.
In the Red Sea Gulf of Suez, there is a similar situation to those
observed in Virginia's Elizabeth River. The gulf is heavily contami-
nated with PAHs that could affect some of the resident ﬁsh such as
the bass (Epinephles guaza). Therefore, the main goal of the current
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oxidative stress due to PAHs contamination. This was addressed by
determination of the baseline value of number of measurements
considered to be indicative of oxidative stress. Since exposure to
PAHs is associated with alteration of the heat shock proteins
(Hsps) (Arts et al., 2004; Piano et al., 2004), we also added them
to our baseline measurements. We also opted to use levels of lipid
and protein oxidation (MDA and PC) as well as a molecular
approach by measuring the gene expression of stress-related
protein (Hsp70a, Hsp70b, Hsp47, MT and CYP1A) in liver and
gills of Epinephelus guaza in response to polycyclic aromatic
hydrocarbons.2. Materials and methods
2.1. Chemicals
Reagents for qPCR including kits, chemicals, and primers were purchased from
Invitrogen (Germany). All reagents and chemicals were of the highest purity
available.
2.2. Sampling and PAH analysis
2.2.1. Water
Water samples were collected in the period between April and August of 2010
from four locations at Suez gulf including Tawﬁk port, port of oil Production
Company (Floating port), Atakah port, Adabiya port (Fig. 1). Subsurface water
samples were collected by immersing sterile brown glass jugs ca. 0.5 m below the
water surface (opening and closing it underwater) from the bow of a boat moving
slowly forward according to APHA (1992) in 2.5 l amber colored glass bottles
previously cleaned with hot water, chromic acid, tap water, and acetone and ﬁnallyFig. 1. Ports in Goverinsed three times with redistilled dichloromethane (CH2Cl2). The samples were
transported in icebox and analysis was performed as soon as possible. An adequate
volume of water samples was acidiﬁed with 1.0 M sulfuric acid to pH2 and
extracted twice with redistilled CH2Cl2. The combined extracts were evaporated,
dried with anhydrous Na2SO4 and then concentrated to 1 ml by using stream of
pure nitrogen.
2.2.2. Fish
Fish sampling was collected in the same period and locations stated above. The
samples (n¼20 per location) were collected, killed and kept immediately on
icebox. The ﬁshes were transported in icebox to the laboratory and the analyses
were started after approximately 2 h of the collection. Afterwards, gills and liver
tissues from each ﬁsh within each location were kept in liquid nitrogen until
molecular biological analysis. The tissue extraction procedure was adapted from a
method developed by Mcleod et al. (1985). Approximately 15 g of wet tissue were
used for PAH analysis. After the addition of internal standards (surrogates) and 50 g
of anhydrous Na2SO4, the tissue was extracted three times with dichloromethane
using a tissumizer. A 20 ml sample was removed from the total solvent volume and
concentrated to 1 ml for lipid percentage determination. The 380 ml of remaining
solvent was concentrated to approximately 20 ml in a ﬂatbottom ﬂask equipped
with three ball Synder column condenser. The tissue extract was then transferred
to a Kuderna Danish tube heated in a water bath (60 1C) to concentrate the extract
to a ﬁnal volume of 2 ml. During concentration, the dichloromethane was
exchanged for hexane. The tissue extracts were fractionated by alumina: silica
(80—100 mesh) open column chromatography. The silica gel was activated at
170 1C for 12 h and partially deactivated with 3% distilled water (v/w). Twenty
grams of silica gel were slurry packed in dichloromethane over 10 g of alumina.
Alumina was activated at 400 1C for 4 h and partially deactivated with 1% distilled
water (v/w). The dichloromethane was replaced with pentane by elution. The
extract was then applied to the top of the column. The extract was sequentially
eluted from the column with 50 ml of pentane (aliphatic fraction) and 200 ml of
1:1 pentane: dichloromethane (aromatic fraction). The aromatic fraction was
further puriﬁed by HPLC to remove lipids. The lipids were removed by size
exclusion using dichloromethane as isocratic phase (7 ml min−1) and two Phenogel
100 columns (Krahn et al., 1988). The puriﬁed aromatic fraction was collected from
1.5 min prior to the elution of 4,40 dibromoﬂuorobiphenyl to 2 min after thernorate of Suez.
Table 1
Primer sequences used for qPCR.
Gene Primer sequence (5′—3′)a Annealing
Tm (1C)
References
Hsp70a F: CGG GAG TTG TAG CGA TGA GA 60 Ojima et al.
(2005)R: CTT CCT AAA TAG CAC TGA GCC
ATA A
Hsp70b F: AGG CCC AAC CAT TGA AGA GA 60 Ojima et al.
(2005)R: GCA ATG TCC AGC AAT GCA ATA
Hsp47 F: CCA GGA AAT GGC ACA TGT AT 60 Ojima et al.
(2005)R: TAT AAG CAT GCT GTC GGG TC
MT F: TTT TGT TTT CAA GGT GGA ACC 55 Gornati et al.
(2004)R: AGA GGT TGG TGA ACT TTG TGG
CYP1A F: ATC AAG CAA GGG GAC GAG TT 57 Gornati et al.
(2004)R: GCT CGC TGA CAA TCT TTT GC
β-Actin F: TGG GGC AGT ATG GCT TGT ATG 55 Ojima et al.
(2005)R: CTC TGG CAC CCT AAT CAC CTC T
a F: forward primer; R: reverse primer. Tm: melting temperature.
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prior to the beginning and at the end of a set of 10 samples. The puriﬁed aromatic
fraction was concentrated to 1 ml using Kuderna Danish tube heated in a water
bath at 60 1C.
2.3. Lipid and protein oxidation analyses
Lipid peroxidation was analyzed as described by Zhang et al. (2008) and
measured in terms of malondialdehyde (MDA) equivalents using the thiobarbituric
acid (TBA) reaction. In brief, samples were mixed with trichloroacetic acid and
centrifuged. Then, TBA was added to the supernatant. The mixture was heated in
water at 95 1C for 40 min. MDA forms a red adduct with TBA, which has an
absorbance of 532 nm.
Protein oxidation was analyzed through the cellular protein carbonyl (PC)
content in which it was determined according to the method described by
Baltacıoğlu et al. (2008), with a minor modiﬁcation using the 2,4-dinitrophenylhy-
drazine (DNPH) reagent. The carbonyl content was calculated from the peak
absorbance at 340 nm, using an absorption coefﬁcient of 22,000/M/cm.
2.4. Gene expression analysis
2.4.1. Isolation of total RNA
TRIzols reagent (cat#15596-026, Invitrogen, Germany) was used to extract
total RNA from gills and liver tissues of E. guaga according to the manufacturer's
instructions with minor modiﬁcations.
Brieﬂy, tissue samples (50 mg) were homogenized in 1 ml of TRIzols reagent.
Afterwards, the homogenized sample was incubated for 15 min at room tempera-
ture. A volume of 0.2 ml of chloroform per 1 ml of TRIzols reagent was added.
Then, the samples were vortexed vigorously for 15 s and incubated at room
temperature for 3 min. The samples were centrifuged for no more than 12,000g
for 15 min at 4 1C. Following centrifugation, the mixture was separated into lower
red, phenol—chloroform phase, an interphase, and a colorless upper aqueous
phase. RNA was remained exclusively in the aqueous phase. Therefore, the upper
aqueous phase was carefully transferred without disturbing the interphase into a
fresh tube. The RNA was precipitated from the aqueous phase by mixing with
isopropyl alcohol. A volume of 0.5 ml of isopropyl alcohol was added per 1 ml of
TRIzols reagent used for the initial homogenization. Afterwards, the samples were
incubated at 15—30 1C for 10 min and centrifuged at not more than 12,000g for
10 min at 4 1C. The RNA was precipitated which was often invisible before
centrifugation, formed a gel-like pellet on the side and bottom of the tube. The
supernatant was removed completely. The RNA pellet was washed once with 1 ml
of 75% ethanol. The samples were mixed by vortexing and centrifuged at no more
than 7500g for 5 min at 4 1C. The supernatant was removed and RNA pellet was air-
dried for 10 min. RNA was dissolved in diethylpyrocarbonate (DEPC)-treated water
by passing solution a few times through a pipette tip.
Isolated total RNA was treated with 1 unit of RQ1 RNAse-free DNAse (Invitro-
gen, Germany) to digest DNA residues, re-suspended in DEPC-treated water and
quantiﬁed photospectrometrically at 260 nm. Purity of total RNA was assessed by
the 260/280 nm ratio which was between 1.8 and 2.1. Additionally, integrity was
assured with ethidium bromide-stain analysis of 28S and 18S bands by
formaldehyde-containing agarose gel electrophoresis (data not shown). Aliquots
were used immediately for reverse transcription (RT), otherwise they were stored
at −80 1C.
2.4.2. Reverse transcription (RT) reaction
Complete poly(A)+ RNA isolated from E. guaga tissues was reverse transcribed
into cDNA in a total volume of 20 ml using RevertAid™ First Strand cDNA Synthesis
Kit (Fermentas, Germany). An amount of total RNA (5 mg) was used with a master
mix (MM). The MM consisted of 50 mM MgCl2, 10 reverse transcription (RT)
buffer (50 mM KCl; 10 mM Tris—HCl; pH 8.3), 10 mM of each dNTP, 50 mM oligo-dT
primer, 20 IU ribonuclease inhibitor (50 kDa recombinant enzyme to inhibit RNase
activity) and 50 IU MuLV reverse transcriptase. The mixture of each sample was
centrifuged for 30 s at 1000g and transferred to the thermocycler. The RT reaction
was carried out at 25 1C for 10 min, followed by 1 h at 42 1C, and ﬁnished with a
denaturation step at 99 1C for 5 min. Afterwards the reaction tubes containing RT
preparations were ﬂash-cooled in an ice chamber until being used for cDNA
ampliﬁcation through Real Time polymerase chain reaction (qPCR).
2.4.3. Real time- PCR (qPCR)
An iQ5-BIO-RAD Cycler (Cepheid. USA) was used to determine the E. guaza
cDNA copy number. PCR reactions were set up in 25 μL reaction mixtures contain-
ing 12.5 μL 1 SYBRs Premix Ex TaqTM (TaKaRa, Biotech. Co., Ltd.), 0.5 μL 0.2 μM
sense primer, 0.5 μL 0.2 μM antisense primer, 6.5 μL distilled water, and 5 μL of
cDNA template. The reaction program was allocated to 3 steps. First step was at
95.0 1C for 3 min. Second step consisted of 40 cycles in which each cycle divided to
3 steps: (a) at 95.0 1C for 15 s; (b) at 55.0 1C for 30 s; and (c) at 72.0 1C for 30 s. The
third step consisted of 71 cycles which started at 60.0 1C and then increased about
0.5 1C every 10 s up to 95.0 1C. At the end of each sqRT-PCR a melting curve analysiswas performed at 95.0 1C to check the quality of the used primers. Each experiment
included a distilled water control. The sequences of speciﬁc primer of the genes
used (Ojima et al., 2005; Gornati et al., 2004) and product sizes are listed in Table 1.
At the end of each qPCR a melting curve analysis was performed at 95.0 1C to
check the quality of the used primers.2.4.4. Calculation of gene expression
First the ampliﬁcation efﬁciency (Ef) was calculated from the slope of the
standard curve using the following formula found in the manufacturer's instruction
pamphlet (Bio-Rad, 2006):
Ef ¼ 10−1=slope
Efficiencyð%Þ ¼ ðEfF1Þx100
The relative quantiﬁcation of the target to the reference was determined by
using the ΔCT method if E for the target (Hsp70a, Hsp70b, Hsp47, MT and CYP1A)
and the reference primers (β-Actin) are the same (Bio-Rad, 2006):
Ratioðreference=target geneÞ ¼ EfCT ðreferenceÞFCT ðtargetÞ2.5. Statistical analysis
All data were subjected to a one-way analysis of variance ANOVA and the
signiﬁcance of the differences between means was tested using Duncan's multiple
range test (Po0.05). The software used was SAS, Version 9.1 (Statsoft Inc., Tulsa,
USA). Values are expressed as means7standard deviation.3. Results
3.1. Levels of PAHs in water samples collected from the Gulf of Suez
Results represented in Table 2 show that naphthalene,
1- methylnaphthalene, 2- methylnaphthalene, acenaphthene, ace-
naphthylene, ﬂuorene, anthracene, phenanthrene, ﬂuoranthene,
pyrene, benzo(a) anthracene, chrysene, benzo(b) ﬂuoranthene,
benzo(k) ﬂuoranthene, indo(1,2,3-cd)pyrene and hydrocarbon
from C 20 to C 40 indicated that PAHs were not detected in the
water samples collected from Adabiya port and Atakah port
throughout the period of study. However, PAHs were detected in
all samples collected from Floating port and Tawﬁk Port through-
out the period of study. Floating port revealed 4 PAH components
(1- methylnaphthalene, acenaphthene, acenaphthylene and ﬂuor-
ene) in the water samples. In addition, the total concentration of
detected PAHs in Floating port was 11.41 mg/l. Tawﬁk Port location
revealed 2 components (2- methylnaphthalene and acenaphthene)
and the total concentration of detected PAHs was 2.41 mg/l.
Table 2
Mean of some PAHs in surface water samples collected from Gulf of Sues (mg/L).
Compound Sampling locations (ports)a
Floating Adabiya Atakah Tawﬁk
Mean7SD Mean7SD Mean7SD Mean7SD
Naphthalene DN ND ND ND
1-Methylnaphthalene 3.770.02 ND ND ND
2-Methylnaphthalene ND ND ND 1.170.00
Acenaphthalene 1.270.02 ND ND 1.270.00
Acenaphthylene 3.770.02 ND ND ND
Fluorene 2.670.01 ND ND ND
Anthracene ND ND ND ND
Phenanthrene ND ND ND ND
Fluoranthene ND ND ND ND
Pyrene ND ND ND ND
Benzo(a)anthracene ND ND ND ND
Chyrsene ND ND ND ND
Benzo(b) anthracene ND ND ND ND
Indeno(1,2,3 -cd)pyrene ND ND ND ND
ΣPAHs 11.41 0 0 2.413
Hydrocarbon C20—C40 287871.1 19070.8 1970.4 153570.8
a Twenty samples per location were analyzed to determine the PAHs.
Table 3
Mean of some PAHs in ﬁsh samples from Gulf of Sues (mg/kg).
Compound Sampling locations (ports)a
Floating Adabiya Atakah Tawﬁk
Mean7SD Mean7SD Mean7SD Mean7SD
Naphthalene ND ND ND ND
1-Methylnaphthalene ND ND ND ND
2-Methylnaphthalene 8770.9 10371.1 9471.4 12270.8
Acenaphthalene ND ND ND ND
Acenaphthylene ND ND ND ND
Fluorene ND ND ND ND
Anthracene ND ND ND ND
Phenanthrene 75170.8 84971.3 66770.09 49070.8
Fluoranthene 36871.6 40971.2 35671.4 29470.08
Pyrene ND ND ND ND
Benzo(a)anthracene 13171.01 10571.08 8471.4 7770.9
Chyrsene 10270.8 10371.04 6970.8 8171.07
Benzo(b) anthracene ND ND ND ND
Benzo(k)ﬂuoranthene 116671.2 98670.9 65870.54 61970.9
Indeno(1,2,3 -cd)pyrene 12470.9 19070.043 12771.5 38870.8
ΣPAHs 3729 3163 2786 2906
Hydrocarbon C20—C40 58671.02 41871.08 42170.4 51270.6
a Liver tissues were used to determine the PAHs. Twenty samples per location
were analyzed.
Table 4
Levels of malondialdehyde content (MDA, nmol/mL) and protein carbonyls (PC,
nmol/mg protein) in liver and gills of Epinephelus guaga from Gulf of Sues.
Compound MDA PC
Mean7SD Mean7SD Mean7SD Mean7SD
Gills Liver Gills Liver
Floating 6.3570.4a 5.4770.2a 3.2370.06a 2.4870.03a
Adabiya 2.7370.2b 2.1170.2b 1.2370.04b 0.8670.03b
Atakah 2.8770.3b 2.3470.2b 1.1670.03b 0.7370.02b
Tawﬁk 6.1270.5a 5.4970.3a 3.3770.07a 2.5670.04a
Values within the same column with different superscripts are signiﬁcantly
different (Po0.05).
Fig. 2. Expression of Hsp70a gene in the gills and liver tissues of Epinephelus guaga
determined by qPCR. Within each column, means superscripts with different letters
(a,b) are signiﬁcantly different (P≤0.05).
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Table 3 shows PAHs concentration is ﬁsh samples collected
from Gulf of Sues. The results indicated that naphthalene,
1- methylnaphthalene, 2- methylnaphthalene, acenaphthene, ace-
naphthylene, ﬂuorene, anthracene, phenanthrene, ﬂuoranthene,
pyrene, benzo(a) anthracene, chrysene, benzo(b) ﬂuoranthene,
benzo(k) ﬂuoranthene, indo(1,2,3-cd) pyrene and hydrocarbon
from C 20 to C 40 were analyzed to identify their concentrations
in all collected ﬁsh tissues from Gulf of Suez. The total concentra-
tions of detected PAHs were higher in Floating port than other
ports. The total concentration of detected PAHs was 3729, 3163,
2786 and 2906 μg/kg for Floating port, Adabiya port, Atakah and
Tawﬁk port, respectively. Furthermore, the total hydrocarbon
concentration from Floating port and Tawﬁk port was higher than
other locations, where, these concentrations were 586, 418, 421and 512 mg/kg for Floating port, Adabiya port, Atakah and Tawﬁk
port, respectively.
3.3. Lipids and protein oxidation
Levels of MDA and PC in gills and liver tissues of E. guaza
collected from Gulf of Sues are presented in Table 4. The results
indicated that MDA contents were signiﬁcantly higher in gills and
liver tissues collected from Floating and Tawﬁk ports than those
collected from Adabiya and Atakah ports. In the same trend, the
results revealed that Floating and Tawﬁk ports showed signiﬁ-
cantly higher PC levels compared with Adabiya and Atakah ports.
However, no differences were found between Floating and Tawﬁk
ports or between Adabiya and Atakah ports.
3.4. Expression of stress protein genes
Expression of stress protein genes such as heat-shock proteins
genes (Hsp70a, Hsp70b and Hsp47), metallothionein (MT) and
cytochrome p4501A (CYP1A) in gills and liver of E. guaza is
summarized in Figs. 26.
It is clear that expression level of most stress protein genes in
the gills and liver tissues was higher in Floating port than other
locations (Figs. 26). Nearly the same results were obtained when
the real time-PCR assay was performed for each individual sample
within each region throughout the sampling period.
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gills and hepatic mRNA level of all stress protein genes tested
including Hsp70a,b, Hsp47, MT and CYP1A in the ﬁsh collected
from Floating port and Tawﬁk port (Figs. 26). On the other hand,
ﬁsh collected from Adabiya port had signiﬁcantly lower expression
levels of the stress protein genes in the gills and liver tissues.
Whereas, the expression levels of Hsp70a,b, Hsp47, MT and CYP1A
genes were down-regulated in ﬁsh collected from these regions
compared with those collected from Floating port and Tawﬁk port
(Figs. 26).
The same trend was observed in the ﬁsh collected from Atakah
port. Where, the expression levels of the stress protein genes
including Hsp47 and CYP1A in the gills and liver tissues were
signiﬁcantly lower in Atakah port than those collected from
Floating port and Tawﬁk port (Figs. 4 and 6). However, the
expression of Hsp70a,b and MT genes was slightly decreased in
the gills and liver tissues of ﬁsh collected from Atakah port
(Figs. 2,3 and 5).Fig. 3. Expression of Hsp70b gene in the gills and liver tissues of Epinephelus guaga
determined by qPCR. Within each column, means superscripts with different letters
(a,b) are signiﬁcantly different (P≤0.05).
Fig. 4. Expression of Hsp47 gene in the gills and liver tissues of Epinephelus guaga
determined by qPCR. Within each column, means superscripts with different letters
(a,b) are signiﬁcantly different (P≤0.05).
Fig. 5. Expression of Metallothioueins (MT) gene in the gills and liver tissues of
Epinephelus guaga determined by qPCR. Within each column, means superscripts
with different letters (a,ab,b) are signiﬁcantly different (P≤0.05).
Fig. 6. Expression of CYP1A gene in the gills and liver tissues of Epinephelus guaga
determined by qPCR. Within each column, means superscripts with different letters
(a,b) are signiﬁcantly different (P≤0.05).4. Discussion
The present study aimed to identify the concentrations of
polycyclic aromatic hydrocarbons (PAHs) in Suez Gulf water and
evaluate their effects on the expression of stress-related protein
genes in E. guaza ﬁsh which are widespread ﬁsh in this region.
The morphological examination on the collected ﬁsh revealed
no visible gross changes on the outside of ﬁsh collected from
Floating port, Adabiya, Atakah, and Tawﬁk ports. However, the
weight of collected ﬁsh from Floating port and Tawﬁk port was
lower than those collected from Adabiya port and Atakah port. In
addition, several organs including liver and spleen of ﬁsh collected
from Floating port and Tawﬁk port had more lesions (e.g. dis-
colouration, open sores, bleeding, abnormal shape, swollen areas
and abnormal lumps) than those collected from Adabiya port and
Atakah port (data not shown).
MDA is one of the most easily assayed end products of lipid
peroxidation (Requena et al., 1996). The current results showed
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gills and liver tissues, supporting the hypothesis that PAHs may
induce oxidative damage in these organs. Bhor et al. (2004)
suggested that the end products of lipid peroxidation may bring
about protein damage. Protein carbonyls (PC) are the oxidative
product of amino acid residue and can be used as a biomarker of
oxidative damage to protein (Baltacıoğlu et al., 2008). In current
study, the protein oxidations in the gills and liver tissues exhibited
a similar trend to those of MDA.
To avoid a permanent damage, it is useful to have biomarkers
capable to diagnose a stress condition at its earliest onset to allow
an immediate corrective intervention. The synthesis mRNAs cod-
ing for “stress-related proteins” is certainly a quite early “primary”
response that can be easily detected by PCR once “proper”
sequences are known.
In this paper, we have focused our attention on some stress-
related proteins such as Hsp70a, Hsp70b, Hsp47, MT and CYP1A,
whose mRNA resulted over expressed in gills and liver of the ﬁsh
collected from the Floating port with high concentration of PAHs
compared to those collected from other regions (Adabiya port,
Atakah port and Tawﬁk port) with low concentration of PAHs.
Heat shock proteins (Hsps) are a wide family of conserved
proteins, classiﬁed according to their molecular weight, present in
all organisms including ﬁsh (Basu et al., 2002). From our experi-
ments resulted that also Hsps mRNA level increased in gills and
liver of the ﬁsh collected from Floating port compared to those
collected from Adabiya port, Atakah port and Tawﬁk port. It is
clear that Hsps induction results mainly from the binding of
activated heat shock transcription factor (HSF) to a promoter
regions called heat shock elements (HSE) and that, the major heat
shock genes do not contain introns so that the messenger can be
immediately translated into a new protein within minutes after
the exposure to the stressor (Iwama et al., 1998).
Moreover, our results demonstrate that, as in mammals, also in
E. guaza, there are constitutive and inducible members of Hsp70
and Hsp47 families and it is known that, while the constitutive
forms of Hsps play an important chaperoning role in unstressed
cells, the inducible forms are important for allowing cells to cope
with acute stressor insults, especially those affecting protein
machinery (Boone and Vijayan, 2002). Hsp70 in ﬁsh, like in
mammals, is induced by heat and chemical shock. Therefore, the
knowledge of the Hsp70 coding sequence could serve in clarifying
its role in the stress tolerance in ﬁsh.
MTs are cysteine-rich metal binding proteins that play an
essential role in the regulation of intracellular metal concentration
(Chang, 1995); moreover, it is known that the expression of its
transcript, generally present at basal levels, is increased also after
other physiological sublethal stressor (Van Cleef-Toedt et al.,
2001). Our experiments demonstrated that MT mRNA increases
in gills and liver of the ﬁsh collected from Floating port compared
to those collected from Adabiya port, Atakah port and Tawﬁk port.
The cytochromes P450 constitute a multigene family of
enzymes involved in the oxidation of many endogenous and
xenobiotics substrates (Godard et al., 2000). CYP1A, identiﬁed in
most vertebrates, is widely used as biomarker when assessing
exposure to contaminants in environmental system (Williams
et al., 2000; Mc Clain et al., 2003). Also, in this case, we have
observed an over expression of its messenger in the analyzed gills
and liver tissues of the ﬁsh collected from Floating port compared
to those collected from Adabiya port, Atakah port and Tawﬁk port.
Cytochrome P4501A (CYP1A) induction is a sensitive and
speciﬁc adaptive response of organisms exposed to environmental
pollutants, including PAHs (Stegeman and Hahn, 1994). The CYP1A
inducers, such as polychlorinated biphenyls (PCBs), chlorinated
dibenzodioxins (PCDDs), dibenzofurans (PCDFs), and certain
PAHs, act via the aryl hydrocarbon receptor (AhR), which is aligand-activated transcription factor that mediates many of the
biological effects of these compounds (Stegeman and Hahn, 1994).
The CYP1A induction is used for assessing sublethal exposure to
such pollutants (Bucheli and Fent, 1995). Because CYP1A is not, or
only at very low levels, expressed in the liver of ﬁsh in pristine
environments (Stegeman and Lech, 1991), elevated levels are thus
indicative of exposure to these pollutants and can be used as a
biomarker of exposure (Stegeman and Hahn, 1994; Fent and
Bätscher, 2000). The CYP1A content and activity in the liver of
ﬁsh living in or exposed to oil-polluted environments are related
to the amounts of PAHs measured at polluted sites or in ﬁsh tissue
(Woodin et al., 1997; Fent and Bätscher, 2000). In agreement with
these ﬁnding, we have found that CYP1A was up-regulated in the
and liver and gills tissues of the ﬁsh collected from Floating port
which are found with high concentration of PAHs compared to
those with low concentration of PAHs (Adabiya port, Atakah port
and Tawﬁk port).
The action mechanism of PAHs to induce toxicity in marine ﬁsh
of Suez gulf has been not studied yet. However, it is known that
PAHs can generate ROS via production of PAH metabolites that
include redox-cycling quinones and radical cations, the latter
being associated with DNA damage (Cavalieri and Rogan, 1992;
Melius, 1984; Miranda et al., 2006). Also, PAHs can damage
mitochondrial DNA and perturb mitochondrial function, alter gene
expression which may enhance oxidative stress in these organelles
(Li et al., 2008; Zhu et al., 2005). Induction of stress related
proteins including CYP1A via the AH receptor (AHR) by com-
pounds such as chlorinated dioxins and PCBs can lead to ROS
generation and oxidative damage (Nebert et al., 2000; Schlezinger
and Stegeman, 2000), associated with the recalcitrance of these
compounds to metabolism. Numerous PAHs also induce CYP1As
via the AHR, but this induction has not been thought to generate
ROS per se, due to the suitability of PAHs as CYP1A substrates.
However, ROS generation may be enhanced in co-exposures to
PAHs which include both AHR agonists and CYP1A inhibitors,
exposures which give rise to synergistic cell toxicity (Billiard et al.,
2006; Wassenberg and Di Giulio, 2004).
In conclusion, the present study suggests that the stress related
genes studied in this paper represent valid biomarkers to detect
variation of ﬁsh stress conditions attributed to PAHs. This study is
considered the ﬁrst of its type in Egypt in general and the Red Sea
in particular.
References
American Public Health Association (APHA), 1992. Standard methods of the
examination of water and waste water, 17th edition AWWA, WPCF p. 1015.
Arts, M.J., Schill, R.O., Knigge, T., Eckwert, H., Kammenga, J.E., Kohler, H.R., 2004.
Stress protein (hsp70, hsp60) induced in isopods and nematodes by ﬁeld
exposure to metals in a gradient near Avonmouth, UK. Ecotoxicology 13,
739–755.
Bacanskas, L.R., Whitaker, J., Di Giulio, R.T., 2004. Oxidative stress in two popula-
tions of killiﬁsh (Fundulus heteroclitus) with differing contaminant exposure
histories. Mar. Environ. Res. 58 (2—5), 597–601.
Baltacıoğlu, E., Akalın, F.A., Alver, A., Değer, O., Karabulut, E., 2008. Protein carbonyl
levels in serum and gingival in patients with chronic periodontitis. Arch. Oral.
Biol. 53, 716–722.
Basu, N., Todgham, A.E., Ackerman, P.A., Bibeau, M.R., Nakano, K., Schulte, P.M.,
Iwama, G.K., 2002. Heat shock protein genes and their functional signiﬁcance in
ﬁsh. Gene 295, 173–183.
Bauder, M.B., Palace, V.P., Hodson, P.V, 2005. Is oxidative stress the mechanism of
blue sac disease in retene-exposed trout larvae? Environ. Toxicol. Chem. 24 (3),
694–702.
Bhor, VM, Raghuram, N, Sivakami, S, 2004. Oxidative damage and altered
antioxidant enzyme activities in the small intestine of streptozotocin-induced
diabetic rats. Int. J. Biochem. Cell B 36, 29–97.
Billiard, S.M., Timme-Laragy, A.R., Wassenberg, D.M., Cockman, C., Di Giulio, R.T.,
2006. The role of the aryl hydrocarbon receptor pathway in mediating
synergistic developmental toxicity of polycyclic aromatic hydrocarbons to
zebraﬁsh. Toxicol. Sci. 92 (2), 526–536.
Bio-Rad Laboratories, Inc, 2006. Real-time PCR applications guide. Bulletin 5279,
101.
F.Kh. Abdel-Gawad, W.K.B. Khalil / Ecotoxicology and Environmental Safety 96 (2013) 175–181 181Boone, A.N., Vijayan, M.M., 2002. Constitutive heat shock protein 70 (HSC70)
expression in rainbow trout hepatocytes: effect of heat shock and heavy metal
exposure. Comp. Biochem. Physiol., Part C 132, 223–233.
Bucheli, TD, Fent, K., 1995. Induction of cytochrome P450 as a biomarker for
environmental contamination in aquatic ecosystems. Crit. Rev. Environ. Sci.
Technol. 25, 201–268.
Cavalieri, E.L., Rogan, E.G., 1992. The approach to understanding aromatic hydro-
carbon carcinogenesis. The central role of radical cations in metabolic activa-
tion. Pharmacol. Ther. 55 (2), 183–199.
Chang, K.M., 1995. Metallothionein: potential biomarker for monitoring heavy
metal pollution in ﬁsh around Hong Kong. Mar. Pollut. Bull. 31, 411–415.
Fent, K., Bätscher, R., 2000. Cytochrome P4501A induction potencies of polycyclic
aromatic hydrocarbons in a ﬁsh hepatoma cell line: demonstration of additive
interactions. Environ. Toxicol. Chem. 19, 2047–2058.
Godard, C.A.J., Leaver, M.J., Said, M.R., Dickerson, R.L., George, S., Stegeman, J.J.,
2000. Identiﬁcation of cytochrome P450 1B-like sequences in two teleost ﬁsh
species (scup, Stenotomus chrysops and plaice, Pleuronectes platessa) and in
cetacean (striped dolphin, Stenella coeruleoalba). Mar. Environ. Res. 50, 7–10.
Gornati, R., Papis, E., Rimoldi, S., Terova, G., Saroglia, M., Bernardini, G., 2004.
Rearing density inﬂuences the expression of stress-related genes in sea bass
(Dicentrarchus labrax, L.). Gene 341, 111–118.
Iwama, G.K., Thomas, P.T., Forsyth, R.B., Vijayan, M.M., 1998. Heat shock protein
expression in ﬁsh. Rev. Fish Biol. Fish 8, 35–56.
Krahn, M.M., Ylitalo, G.M., Buzitis, J., Chan, S.L., Varanasi, U., 1988. Rapid high-
performance liquid chromatographic methods that screen for aromatic com-
pounds in environmental samples. J. Chromatogr. 642, 15–32.
Li, L.i, Kobayashi, M., Kaneko, H., Nakajima-Takagi, Y., Nakayama, Y., Yamamoto, M.,
2008. Molecular evolution of Keap1: Two Keap1 molecules with distinctive
intervening region structures are conserved among ﬁsh. J. Biol. Chem. 283 (6),
3248–3255.
Mc Clain, J.S., Oris, J.T., Burton, G.A., Lattier, D., 2003. Laboratory and ﬁeld validation
of multiple molecular biomarkers of contaminant exposure in rainbow trout
(Oncorhynchus mykiss). Environ. Toxicol. Chem. 22, 361–370.
Mcleod, W.D., D.W. Brown, A.J. Friedman, D.G. Burrows, O. Maynes, R.W. Pearce,
C.A. Wigren, R.W. Boger, 1985. Standard analytical procedures of the NOAA
National Analytical Facility 1985—1986. Extractable Toxic organic compounds
(2nd ed.) US Department of Commerce, NOAA/NMFS. NOAA Tech. Memo NMFS
F/NWC92.
Melius, P., 1984. Comparative benzo[a]pyrene metabolite patterns in ﬁsh and
rodents. Nat. Cancer. Inst. Monogr. 65, 387–390.
Meyer, J.N., Smith, J.D., Winston, G.W., Di Giulio, R.T., 2003. Antioxidant defenses in
killiﬁsh (Fundulus heteroclitus) exposed to contaminated sediments and model
prooxidants: Short-term and heritable responses. Aquat. Toxicol. 65 (4),
377–395.
Miranda, C.L., Chung, W.G., Wang-Buhler, J.L., Musaﬁa-Jeknic, T., Baird, W.M.,
Buhler, D.R., 2006. Comparative in vitro metabolism of benzo[a]pyrene by
recombinant zebraﬁsh CYP1A and liver microsomes from [beta]-naphthoﬂa-
vone-treated rainbow trout. Aquat. Toxicol. 80 (2), 101–108.
Nebert, D.W., Roe, A.L., Dieter, M.Z., Solis, W.A., Yang, Y., Dalton, T.P., 2000. Role of
the aromatic hydrocarbon receptor and [Ah] gene battery in the oxidative stress
response, cell cycle control, and apoptosis. Biochem. Pharmacol. 59 (1), 65–85.Neff, J.M, 1985. Polycyclic aromatic hydrocarbons. In: Rand, G.M.,
Petrocelly, S.R. (Eds.), Fundamentals of Aquatic Toxicology. Taylor & Francis,
pp. 416–454.
Ojima, N., Yamashita, M., Watabe, S., 2005. Quantitative mRNA expression proﬁling
of heat-shock protein families in rainbow trout cells. Biochem. Biophys. Res.
Commun. 329 (2005), 51–57.
Piano, A., Valbonesi, P., Fabbri, E., 2004. Expression of cytoprotective proteins, heat
shock protein 70 and metallothioneins, in tissues of Ostrea edulis exposed to
heat and heavy metals. Cell Stress Chaperon. 9, 134–142.
Requena, JR, Fu, MX, Ahmed, MU, Jenkins, AJ, Lyons, TJ, et al., 1996. Lipoxidation
products as biomarkers of oxidative damage to proteins during lipid peroxida-
tion reactions. Nephrol. Dial. Transpl. 11 (supp5), 48–53.
Schlezinger, J.J., Stegeman, J.J., 2000. Induction and suppression of cytochrome P450
1A by 3,3#,4,4#,5-pentachlorobiphenyl and its relationship to oxidative stress
in the marine ﬁsh scup (Stenotomus chrysops). Aquat. Toxicol. 52 (2), 101–115.
Stegeman, JJ, Hahn, ME., 1994. Biochemistry and molecular biology of monoox-
ygenases: Current perspectives on forms, functions, and regulation of cyto-
chrome P450 in aquatic species. In: Ostrander, GK, Malins, D (Eds.),
Biochemistry and Molecular Biological Perspectives in Aquatic Toxicology.
Lewis, Boca Raton, FL, USA, pp. 87–206.
Stegeman, JJ, Lech, JJ., 1991. Cytochrome P450 systems in aquatic species: Carcino-
gen metabolism and biomarkers for carcinogen and pollutant exposure.
Environ. Health. Perspect. 90, 101–109.
Van Cleef-Toedt, K.A., Kaplan, L.A., Crivello, J.F., 2001. Killiﬁsh metallothionein
messenger RNA expression following temperature perturbation and cadmium
exposure. Cell Stress Chaperon. 6, 351–359.
Villeneuve, D.L., Khim, J.S., Kannan, K., Giesy, J.P., 2002. Relative potencies of
individual polycyclic aromatic hydrocarbons to induce dioxinlike and estro-
genic responses in three cell lines. Environ. Toxicol. 17, 128–137.
Wassenberg, D.M., Di Giulio, R.T., 2004. Synergistic embryotoxicity of polycyclic
aromatic hydrocarbon aryl hydrocarbon receptor agonists with cytochrome
P4501A inhibitors in Fundulus heteroclitus. Environ. Health Perspect. 112 (17),
1658–1664.
Williams, T.D., Lee, J.S., Sheader, D.L., Chipman, J.K., 2000. The cytochrome P450 1A
gene (CYP1A) from European ﬂonder (Platichthys ﬂesus), analysis of regulatory
regions and development of a dual luciferase reporter gene system. Mar.
Environ. Res. 50, 1–6.
Woodin, BR, Smolowitz, RM, Stegeman, JJ., 1997. Induction of cytochrome P4501A
in the intertidal ﬁsh Anoplarchus purpurescens by Prudhoe Bay crude oil and
environmental induction in ﬁsh from Prince William Sound. Environ. Sci.
Technol. 31, 1198–1205.
Zhang, X.D., Zhu, Y.F., Cai, L.S., Wu, T.X., 2008. Effects of fasting on the meat quality
and antioxidant defenses of market-size farmed large yellow croaker
(Pseudosciaena crocea). Aquaculture 280, 136–139.
Zhu, H., Itoh, K., Yamamoto, M., Zweier, J.L., Li, Y., 2005. Role of Nrf2 signaling in
regulation of antioxidants and phase 2 enzymes in cardiac ﬁbroblasts: Protec-
tion against reactive oxygen and nitrogen species-induced cell injury. FEBS Lett.
579 (14), 3029–3036.
